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FOR nearly eighteen years the problem of the fixation of nitrogen
by the root nodules of leguminous plants has been the subject of
investigation by numbers of workers in many parts of the world, and
steady progress has been made towards realising the conditions under
which the organism works in the nodule. Artificial nutrient media
have been prepared closely resembling the food supplied by the plant,
and the organism itself has in recent years been induced to grow in
artificial culture in the characteristic " bacteroid " forms approximating
to those which are found in nature.

The actual process of fixation as it occurs in the nodule is, however,
still wrapped in mystery, and experimenters have been well-nigh
baffled in their attempts to produce it under artificial conditions; the
results obtained being valuable mainly as affording proof that the
plant itself is a leading factor in the process of assimilation, and plays
a more important rdle than that of merely furnishing the organism
with suitable food.

My own work on the subject, which has extended over some eight
or nine years, has served to confirm the view that the plant was a more
active agent than had previously been supposed, and that the solution
of the difficulty lay in the direction of getting as closely as possible,
not only to the natural conditions of food, but also to the natm-al
conditions of the growth in the nodule.

With this idea I.planned a series of new experiments, of which
the main feature was the removal of the soluble products of growth
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on lines similar to those which obtain in nature. This removal was
effected by the use of a porous Chamberland filter-candle which was
fixed in the culture vessel. Fairly aerobic conditions were also pre-
served by passing purified air through the cultures.

In the first experiments the parts of the plants taken were not
subjected to any heat which might destroy the natural enzymes
occurring in the nodules, though in later experiments assimilation
was obtained in the sterilized extract from the parts of the plants,
indicating that the plant enzymes did not play an important part in
the assimilation obtained. In these first experiments in which the
parts of the plants were simply cut up and well bruised in a mortar,
the initial infection was provided by the organisms present in the
crushed nodules. In later experiments with sterile liquids the cultures
were inoculated from an agar slant of the pure organism from the
nodules of the kind of plant under experiment, the organisms being
scraped off with a sterile platinum needle and suspended in the liquid.

APPARATUS.

The apparatus used for these experiments consisted of three parts:—
(1) A porous filter-candle fixed in an inverted bell-jar and covered

with another shorter bell-jar of the same diameter, in the neck of which
was a rubber cork with three holes admitting two tubes bent at right
angles, and a straight tube. This piece of apparatus could be sterilized
by heat, and when removed from the steam sterilizer, the ground-glass
rims of the bell-jars could be made quite air-tight by painting with
sterile paraffin wax. All other openings were plugged with glass
stoppers or cotton-wool.

(2) A filter-flask fitted with, (a) a long tube filled with cotton-wool,
which tube was attached to the receiver of an air-pump; and (b) a
rubber cork with one hole, through which passed a glass tube which was
joined to the nozzle of the filter (1).

(3) An apparatus for purifying the air, consisting of two wash
bottles and a long tube plugged with cotton-wool. The first of these
wash bottles contained sulphuric acid and ferrous sulphate, the
second wash bottle contained 50 c.c. of 10th normal sulphuric acid
which was always found to require for neutralisation 50 c.c. 10th normal
potash at the close of the experiment.

The apparatus (3) was joined to one of the bent tubes passing
through the top of the bell-jar, the other bent tube being attached
to an aspirator.
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EXPERIMENT 1.

In the first experiment the material used consisted of, (a) the leaves
and stem, {b) the roots and nodules of young bean plants, these parts
were cut up fine, well bruised and sampled in a mortar.

The well-sampled materials were quickly weighed out, 500 grams
of stems and leaves, and 20"02 grams of roots and nodules being taken
for the experiment.

Portions were also weighed out into Kjeldahl flasks for duplicate
determinations of the nitrogen in both parts.

Ammonia-free distilled water was then added to the crushed parts
in the bell-jar (1). The air-pump and aspirator were set to work,
and the apparatus left at the temperature of the room, which fell as
low as 9°C.

On the third day an analysis of the air which bad been aspirated
through the crushed plants and water in the bell-jar, showed 8"6 per
cent, carbon dioxide, and 8 per cent, oxygen. Oxygen gas was therefore
substituted for air and passed through the apparatus for about an hour
to encourage a more aerobic growth.

The receiver had to be changed from time to time as it filled. The
filtrates were carefully measured and duplicate determinations of
Nitrogen made in each lot by Kjeldahl's method, 100 c.c. being taken
for each determination.

At the end of 15 days the solid residue was taken out, and when
all the liquid had drained off, the wet residue and scrapings from the
candle were well sampled, and the nitrogen determined in duplicate.
No account was taken of the nitrogenous matter which might be left
in and on the porous filter, it being thought that with so large a bulk
of material this might be safely neglected if any considerable assimilation
had taken place.

The results of this experiment are shown in the following table:—
Nitrogen in grams.

500 grams of Stems and Leaves 2-865
20'2 grams of Roots and Nodules (quite fresh) 0094
3000 c.c. Ammonia-free Distilled Water 0000

Total Nitrogen to start with 2959

2870 c.c. Filtrates and Drainings 0731
5662 grams of Wet Residue 2570

Total Nitrogen after experiment 3301

Total gain of Nitrogen during experiment ... 0342
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EXPERIMENT 2.

In this experiment the fresh unheated cold water extract from
young pea plants was taken in a similar but smaller apparatus.

Five grams of pure dextrose were added in this case, but the solid
matter of the plant was not used.

The results obtained were as follows:—
Nitrogen in grams.

500 c.c. of Liquid Extract containing 5 grams of
Dextrose 0329

At the end of the experiment:
400 c.c. of Filtrate contained 0-2632
72 c.c. of unfiltered Residue 00902

03534
Total gain of Nitrogen during experiment 00244

EXPERIMENT 3. Blank Experiment.

In this experiment the apparatus was used as in Experiments 1
and 4. 1500 c.c. of nutrient medium as used in Experiment 4, was
placed in the bell-jar containing the Pasteur filter, the nozzle of which
was closed with a piece of rubber tubing plugged with a sterile glass
rod.

The whole of this part of the apparatus was then sterilized in the
steam sterilizer at 100° C, the rims of the bell-jars being sealed with
paraffin wax while still hot. The other parts of the apparatus were now
joined up and the filtration allowed to proceed slowly as in the case of
the other experiments.

At the close of this blank experiment, the following result was
obtained:

Nitrogen in grams.

1500 c.c. Sterile Nutrient Medium to start with... 02422
Filtrate and Residue after experiment 02418

Loss of Nitrogen in blank experiment ... 00004

EXPERIMENT 4.

The object of this experiment was to find out if the assimilation of
free nitrogen could be made to take place under the conditions of
experiment when a sterilized nutrient medium and a pure culture were
used.
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The apparatus used was exactly the same as in Experiment 3, the
medium to be used was well sterilized in the bell-jar.

A measured quantity of the suspended scrapings from a pure agar
slant was added when the liquid had sufficiently cooled.

The nutrient medium was made up as follows:—
To 1 litre of sterile Pea extract was added, 33 grams of Dex-

trose; 667 grams of Cane Sugar; TO gram of Dipotassium Phosphate;
05 gram of Magnesium Sulphate; 01 gram Succinic Acid; 003 gram
Sodium Chloride; 003 gram Ferrous Sulphate; 0*03 gram Manganese
Sulphate.

The experiment lasted 13 days. The results obtained were as
follows:—

Nitrogen in grams.
1500 c.c. Nutrient Medium contain 0-2422

50 c.c. pure Culture 00096
Nitrogen to start with Q'2518

800 c.c. of Filtrate contain 01434
73Oc.c. „ „ 01042
Insoluble matter washed from filter 0"0357

Nitrogen at the end of the experiment Q-2833
Total gain of Nitrogen 00315

EXPERIMENT 5.

This experiment was the same as Experiment 4, except that a much
smaller apparatus was used and the experiment was continued for
22 days.

Result.
Nitrogen in grams.

50 c.c. of pure Culture in water 0'0093
200 c.c. Nutrient Liquid 00924

Total Nitrogen to start with 01017

Onfilter 00326
244 c.c. filtrate 00761

Nitrogen at end of experiment 0'1087

Total gain of Nitrogen 0"007

Attempts were made to grow the organisms on agar cultures spread
on porous drying plates, which were floated on dishes containing dilute
sugar solutions and covered with glass lids, purified air being passed
over the surface.
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Agar cultures were also made in sterile parchment dialysers floated
on sugar solutions; and also in porous pots surrounded by sugar solu-
tions. The results in all these cases were unsatisfactory.

Other experiments were tried in which the sterile liquids used
above were placed in large flat-bottomed flasks arranged in series
and inoculated with pure cultures. Purified air was passed over these
cultures but in no case did any appreciable assimilation of nitrogen take
place, the loss or gain of nitrogen did not exceed the limits of experi-
mental error.

In some of these experiments large quantities of sugar solution were
fed to the culture day by day, from sterile separating funnels; but
though conditions obtaining in the plant were thus imitated in another
respect, the results were not nearly so satisfactory as the cases in which
the removal of soluble products was accomplished by means of porous
filters.

Further experiments are now being conducted on the subject, a
Novy's filtering apparatus being used instead of the apparatus (1),
pressure is also being used instead of suction to make the liquid pass
through the filter, thus getting nearer again to the natural conditions.

CONCLUSION.

The results of these experiments, in which larger amounts of
nitrogen have been assimilated in artificial cultures than in any
previous experiments, indicate that the conditions of growth obtaining
in culture vessels fitted with a porous filter through which the soluble
products of growth of the organism are being slowly removed, favour
the assimilation of nitrogen.

It thus seems probable that one of the functions of the host plant is
the removal of soluble products of growth, which when present in
previous artificial cultures have prevented the assimilation of nitrogen.


